Phenolic compounds are produced by secretory idioblasts and hypodermis, and by specialized cells of the epidermis and chlorenchyma of leaves of Alchornea triplinervia. Phytochemical investigation of these leaves led to the isolation of the known substances quercetin, quercetin-7-O-β-D-glucopyranoside, quercetin-3-O-β-D-glucopyranoside, quercetin-3-O-β-Dgalactopyranoside, quercetin-3-O-α-L-arabinopyranoside, amentoflavone, brevifolin carboxylic acid, gallic acid, and methyl gallate from the methanolic extract, and stigmasterol, campesterol, sitosterol, lupeol, friedelan-3-ol, and friedelan-3-one from the chloroform extract. In studies of antibacterial activity and mutagenicity, the methanolic extract showed promising activity against Staphylococcus aureus (MIC=62.5 μg/mL) and was slightly mutagenic in vitro and in vivo at the highest concentrations tested (1335 mg/kg b.w.).
pharmacological effects of leaf extracts, and the results suggest that a methanolic extract did not show acute toxicity, but exhibited an antisecretory property, anti-Helicobacter pylori effect, and gastroprotective action [24] . Six antifeedants against the cotton boll weevil Anthonomus grandis Boheman were identified from the leaves of A. triplinervia. These compounds included anthranilic acid, gentisic acid, senecioic acid, cinnamic acid, cinnamaldehyde and camphor [25] . Thus, interest in this plant is justifiable because of its potential medicinal value. Apart from the general health benefits of this herbal medicine, little is known about either the antibacterial activity of A. triplinervia extract or about its possible mutagenic and antimutagenic properties. Genotoxicity can lead to severe genetic alterations and cancer at doses much lower than those necessary to display acute toxicity. Therefore, the specific exclusion of genotoxic effects is important in products used for human foods or drugs.
In this article, we report some anatomical types of structure secreting phenolic compounds and the isolation and identification of constituents of the leaves of A. triplinervia, as well as an investigation of their antibacterial activity. The mutagenic potential of leaves of A. triplinervia was also investigated, using the Ames test and the micronucleus test in peripheral blood cells of mice.
Phenolics are secreted by various structures in the leaves of A. triplinervia, such as idioblasts, hypodermis and specialized cells of the epidermis and chlorenchyma ( Figure 1A-H ).
In the midrib, the phenolic-secreting idioblasts are found mainly below the epidermis and in both strands of phloem of the bicollateral vascular bundle ( Figures  1A-B ,D,F). Also, several idioblasts are found scattered in the parenchyma and in the xylem ( Figures 1A-B , D-F, H), though they are commoner in the phloem. Almost all the epidermal cells also produce phenolic compounds ( Figures 1F-H ).
In the dorsiventral leaf, the idioblasts are concentrated below the abaxial epidermis ( Figures 1C,G) , forming a phenolic-secreting hypodermis from three to four cell layers thick in the spongy parenchyma ( Figure 1G ). These idioblasts are also present in the xylem and phloem of the vascular bundles ( Figures 1C,G) . Moreover, the epidermal cells on both sides of the leaf produce phenolics ( Figures 1C,G) , and a small amount of phenolic compounds may also be present in some palisade parenchyma cells and inside the fibers of the sclerenchymatic bundle sheath extension ( Figure 1G ). Secretory idioblasts were reported in species of Alchornea [4] and have been recorded in the palisade and spongy parenchyma of A. triplinervia [5, 6] .
Within the cell, the secretion is localized inside either one large central vacuole or numerous globules of various sizes in the cytoplasm (Figures 1D-E,H), as observed in phenolic-secreting idioblasts of other species [1] .
Phytochemical analysis of the CHCl 3 extract of A. triplinervia enabled stigmasterol, campesterol, sitosterol, lupeol, friedelan-3-ol and friedelan-3-one to be identified.
A liquid-liquid extraction (EtOAc-water, 1:1, v/v) was carried out as a preliminary fractionation step to eliminate tannins from the MeOH extract. The ethyl acetate (EtOAc) fraction of the MeOH extract was then fractionated by reversed-phase semi-preparative HPLC, followed by purification of the compounds by gel permeation chromatography on Sephadex LH-20, which led to the isolation of gallic acid (1) (8.0 mg), methyl gallate (2) (3.0 mg), brevifolin carboxylic acid (3) (6.0 mg), quercetin-7-O-β-D-glucopyranoside (4) (7.0 mg), quercetin-3-O-β-D-galactopyranoside (5) (11.0 mg), quercetin-3-O-β-D-glucopyranoside (6) (4.0 mg), quercetin-3-O-α-L-arabinopyranoside (7) (10.0 mg), quercetin (8) (10.0 mg 5.0%), and amentoflavone (9) (5.0 mg). These compounds were identified by comparison of their spectroscopic data with those reported in the literature [24, [26] [27] [28] [29] . Compounds 4, 5, 6 and 7 were described in our earlier study by analytical HPLC of fractions of the methanolic extract of A. triplinervia leaves [24] . Also, this extract showed anti-Helicobacter pylori activity, being considered an excellent antimicrobial agent against one of the most important factors that causes gastric ulceration [24] .
According to Braca et al., Alchornea species are characterized by the presence of alkaloids, flavonoids and other phenolics [23] . Alkaloids were not detected in the leaves of A. triplinervia, from which flavonoids were the main components extracted. Flavonoids have several reported biological properties, including antibacterial [30] . Table 1 lists the results of the antibacterial activity tests against Staphylococcus aureus and Escherichia coli, and their respective MIC values. The MeOH extract of A. triplinervia showed promising activity against S. aureus (MIC = 62.5 μg/mL). These results agree well with those previously published for A. glandulosa extract against the same bacteria. Since these two species have similar chemical compositions based on flavonoids, we suggest that the anti-S. aureus activity might be related to this class of compounds [8, 23] . The next step was to investigate the possible mutagenic effect of A. triplinervia by means of the Ames test ( Table 2 ). The CHCl 3 extract was neither mutagenic nor toxic to any of the assessed strains of Salmonella typhimurium. The MeOH extract altered the frequency of revertants in the strains TA98 and TA97a. The effects on the strains TA98 and TA97a were evident only after preincubation of the extract with the S9 mix.
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No mutagenic response was observed in the point mutation strain TA100, with or without metabolic activation. In the strain TA102, the MeOH extract was cytotoxic at the highest doses evaluated, without S9 mix. Thus, we can suggest that A. triplinervia leaves contain mutagenic compounds that act indirectly on the DNA and cause frameshift type mutations. Since the in vitro Ames test does not completely represent the conditions found in a more complex in vivo system, we evaluated the mutagenic potential of the MeOH extract in vivo. The micronucleus assay was employed in peripheral blood cells of Swiss mice, in three groups given different doses. Table 3 shows the micronucleus assay results. Only the highest dose was mutagenic, raising the frequency of micronuclei relative to the negative control. This result indicates that compounds present in the MeOH extract of A. triplinervia may cause breaks in DNA or aneugenesis. Therefore, these results confirm those of the in vitro assays, which indicated mutageniticity of the crude MeOH extract of A. triplinervia.
Flavonoids have been found with or without mutagenic properties, depending on their structure or concentration [31] . They can act as antioxidants or as agents of mechanisms contributing to anticarcinogenic and cardioprotective action [32] . In a recent study, our group described the mutagenic activity of amentoflavone and quercetin isolated from Byrsonima crassa Nied. to the TA98 strain, whereas methyl gallate, quercetin-3-O-β-D-galactopyranoside and quercetin-3-O-α-Larabinopyranoside did not exhibit mutagenicity [33] . Furthermore, quercetin is well-known to display genetic damaging activity for various genetic end-points (reverse mutations, induction of SOS functions, induction of sister chromatid exchanges, chromosomal aberrations and micronuclei) [34] . Thus, based on these results we can suggest that amentoflavone and quercetin may contribute to the observed mutagenicity of the MeOH extract of A. triplinervia.
The crude MeOH extract of A. triplinervia also contains tannins, a class of secondary metabolites that exhibit strong protection against mutagens [35, 36] . Thus, the low mutagenic effect of the crude MeOH extract might be explained by possible flavonoid-tannin interactions. These interactions may possibly either alter the metabolic fate of the chemical mutagens detected (amentoflavone and quercetin) or involve the antigenotoxic capacity of another compound, thus resulting in the low mutagenic activity of the crude MeOH extract.
Further experiments are in progress to evaluate the isolated compounds in order to investigate their mechanisms of action. [37] and buffered neutral formalin in 0.1M Table 2 : Mutagenic activity expressed as the mean, standard deviation and mutagenic index (brackets) of the number of revertants/plate in bacterial strains TA98, TA100, TA97a and TA102 exposed to the MeOH and CHCl 3 extracts of Alchornea triplinervia at various doses, with (+S9) or without (-S9) metabolic activation. 1  18  2  5  3  2  2  18  1  4  2  3  3  22  1  4  3  2  4  20  3  5  1  2  5  19  1  6  3  3  6  22  2 [40] . The EtOAc phase was composed mainly of flavonoids, while the aqueous phase contained tannins. ammonium phosphate, monobasic sodium phosphate, dibasic sodium phosphate and sodium chloride were purchased from Merck (Whitehouse Station, NJ). S9 fraction was purchased (lyophilized) from Moltox Molecular Toxicology Inc.
Experimental

Semi-preparative HPLC analysis:
Animals: Five to six-week old albino Swiss mice, weighing approximately 30 g, from the Central Animal Facility of the State University of Londrina, Parana, Brazil, were kept individually in polypropylene cages, with free access to water and food, between the moment of treatment and the collection of blood samples.
Antibacterial activity
Organisms and culture: The microorganisms used were Escherichia coli (ATCC 25922) and Staphylococcus aureus (ATCC 25923). Stock cultures of these microorganisms were maintained at -80°C in glycerol (15%) [41] . Cultures were prepared from stock cultures by streaking onto plates of Müller-Hinton (MH) agar. After an overnight incubation, a single colony was used to inoculate sterile MH broth, and inoculated broth was incubated overnight at 37°C, by which time the microbial culture had attained an absorbance of 0.10-0.15 at 600 nm, corresponding to a density of ~10 8 colony -forming units (CFU)/mL.
Broth microdilution procedure:
One hundred μL of MH broth was added to all wells of a 96-well microtite plate (Corning, USA). Each well was incubated with bacteria (100 μL) at a final density of ~10 7 CFU/mL and 20 μL solution of each concentration of plant extracts, from 500 μg/mL to 31.25 μg/mL. The plates were incubated for 18/24 h at 37°C. Following incubation, the plates were examined visually and spectrophotometrically and the lowest concentration showing complete growth inhibition was recorded as the minimum inhibitory concentration (MIC) for that extract [42, 43] .
Mutagenicity assays
Ames test: The Salmonella mutagenicity assay was performed using the pre-incubation method for 20-30 min, with S. typhimurium strains TA100, TA98, TA97a and TA102, with and without metabolic activation. The metabolic activation mixture (S9) was freshly prepared before each test using an Aroclor-1254-induced rat liver fraction. S. typhimurium strains were kindly provided by Dr B. Ames, University of California, Berkeley, CA, USA [44] . In this assay were evaluated 5 different doses of the CHCl 3 used were based on the bacterial toxicity of each preparation, estimated in a preliminary test. In all subsequent assays, the upper limit of the dose range tested was either the highest non-toxic dose or the lowest toxic dose determined in this preliminary assay. Toxicity was apparent either as a reduction in the number of his+ revertants, or as an alteration in the auxotrophic background (i.e. background lawn).
Each concentration of the tested extracts was added to 500 μL of buffer, pH 7.4, and 100 μL of bacterial culture and then incubated at 37ºC for 20-30 minutes. After this time 2 mL of top agar was added and the mixture was poured onto a plate containing minimal agar. The plates were incubated at 37ºC for 48 h and the his+ revertant colonies were manually counted. The influence of metabolic activation was tested by adding 500 µL of S9 mixture. All experiments were performed in triplicate.
The standard mutagens used as positive controls in experiments without S9 mix were 4-nitro-ophenylenediamine (10 μg/plate) for TA98 and TA97a, sodium azide (1.25 μg/plate) for TA100 and daunomycin (3 μg/plate) for TA102. 2-Anthramine (0.125 μg/plate) was used in the experiments with metabolic activation for all strains. DMSO served as the negative (solvent) control (100 μL/plate).
Statistical analysis was performed with the Salanal computer program, adopting the Bernstein et al. model [45] . The mutagenic index (MI), that is the average number of revertants per plate divided by the average number of revertants per plate of the negative (solvent) control, was calculated for each dose. A sample was considered positive when MI≥2 for at least one of the tested doses and if the response was dose dependent [46] .
Micronucleus assay:
The animals were divided into groups of 10 (5 males and 5 females) for each treatment. The animals were treated with 0.1 mL of each test solution per 10 g body weight and received water and food ad libitum between the moment of treatment and the blood sampling. In view of the negative results obtained with the CHCl 3 extract in Salmonella and also the low solubility of this extract in any of the solvents compatible with the animal treatment, only the MeOH extract of A. triplinervia was subjected to this test. This extract was assessed at 3 different doses: 1335, 1000 and 670 mg/kg b.w., by gavage. These doses were based on the solubility limit of the extract in distilled water and no tested dose was toxic to the animals.
Phenolic compounds of Alchornea triplinervia
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The micronucleus test on peripheral blood cells was performed as described by Hayashi et al., who used slides pre-stained with acridine orange [47] . Glass slides were heated to about 70ºC on a hot-plate and a 10 μL drop of an aqueous solution of the dye (1 mg/mL) was placed on each slide and spread evenly over the surface with the end of a second well-cleaned slide. Once dry, the slides were kept in the dark at room temperature for at least 24 h.
Thirty hours after the treatment of the mice with the various compounds, the blood was sampled by perforating the caudal vein with a needle and collecting 5 μL drops, each of which was placed at the centre of a pre-stained slide and covered with a cover-slip (24 X 40 mm). These slides were then kept in the dark, at −20ºC, for a minimum of 24 h, before cytological examination of the blood cells.
The cell preparations were examined under a fluorescence microscope (Nikon), with a blue (488 nm) excitation filter and yellow (515 nm) emission (barrier) filter, using an oil-immersion objective. One thousand reticulocytes per treated animal were analyzed and the proportion of micronucleated cells counted.
Negative and positive control groups were established by treating the animals with, respectively, distilled water and cyclophosphamide (40 mg/kg b.w.). Means and standard deviations were calculated and the ANOVA performed. The Tukey-Kramer test was used to compare the results obtained for treated groups with the negative control group.
